Background {#Sec1}
==========

Primary immunodeficiencies (PIs) are a heterogeneous group of \> 350 genetic disorders, characterized by an increased susceptibility to infections as a result of impaired immune system function \[[@CR1], [@CR2]\]. In addition to persistent and recurrent infections, patients can experience complications including allergies, malignancies, and autoimmune diseases \[[@CR3]\]. In the United States (US), PI has an estimated prevalence of 1 in 1200 people \[[@CR4]\]. As a chronic disease, PIs and specifically primary antibody deficiencies, usually require lifelong immunoglobulin (Ig) G replacement therapy, administered as either intravenous IgG (IVIG) or subcutaneous IgG (SCIG).

Quality of life (QOL) assessments typically focus on disease-related aspects of patient well-being but can also reflect the impact of treatment on patients \[[@CR5], [@CR6]\]. Chronic diseases place a long-term burden on general satisfaction, physical function, emotional well-being, work productivity, and family life \[[@CR7]\]. Regular long-term treatment regimens interfere with daily life and can act as constant reminders of disease \[[@CR8]\]. Arguably, the associated treatment burden increases with treatment complexity and duration; endeavors to make long-term treatments simpler, easier, and more convenient can have a favorable effect on patients \[[@CR5]\].

In PI, where oral treatment is not an option, many patients prefer the possibility of flexible subcutaneous dosing at home and no longer needing to travel to a healthcare facility to obtain IVIG \[[@CR9], [@CR10]\]. Studies have shown that for many patients, QOL and self-perception of their health is improved following a transition from IVIG to SCIG \[[@CR9], [@CR11]--[@CR13]\]. SCIG offers the convenience of self-administration, eliminates the need for venous access, enables shorter infusions with smaller volumes, and yields an improved safety profile \[[@CR10], [@CR14], [@CR15]\]. Due to the reduced treatment burden, SCIG is a popular alternative to IVIG for many patients with PI \[[@CR13]\].

Transition to a self-administration route is usually associated with patients developing a better overall knowledge of their disease over time \[[@CR15]\]. Evidence suggests that patients with more incentives to self-administer (e.g. those who travel frequently or are employed) are more likely to want to transition to SCIG and may be more engaged in learning self-administration and derive greater perceived benefit from efficient infusions \[[@CR16]\]. Yet, some patients may be discouraged from switching from IVIG to SCIG on account of perceived inconvenience, concerns about adverse effects at home, and fear of needle sticks \[[@CR13]\]. A systematic understanding of what factors drive efficiency in infusion and learning, and in turn treatment satisfaction and well-being, can help guide best practices.

The Immune Deficiency Foundation (IDF) conducts regular surveys exploring PI in order to provide evidence on patient health and well-being. We report on an IDF survey that focused in-depth on key patient-reported outcomes (PROs) --- treatment satisfaction, fatigue, and general health perception (GHP) --- in relation to SCIG administration and training experiences. In particular, we identified predictors associated with higher GHP or treatment satisfaction, less fatigue, and favorable infusion and training experiences in a cohort of patients on SCIG. Based on these findings, we provide evidence-based recommendations for improving outcomes in patients with PIs.

Results {#Sec2}
=======

In total, 35.3% (366/1037) of responders to the IDF survey were included in our analyses (see Fig. [1](#Fig1){ref-type="fig"} for survey respondent flow diagram). Patients were excluded for one or more of the following reasons: an incomplete survey; the individual opted out; the survey was completed on behalf of an individual over the age of 18; the individual did not have PI or was not a parent of an individual with PI; had never received IgG treatment; provided incongruent response; receiving IVIG. Of the eligible responders receiving SCIG, adult patients accounted for 89% (*n* = 326) with the remaining being parent/caregiver proxy responses for \< 18-year-old patients (*n* = 40) (Table [1](#Tab1){ref-type="table"}). Table [2](#Tab2){ref-type="table"} provides the tertile thresholds for ranking each PRO based on respondent scoring. Table 1Respondent demographicsCharacteristicsRespondent, N (%)**Non-infusion characteristics** Age0--17 years40 (11%)≥18 years326 (89%) Experience with IgG prior to SCIGIg-naïve138 (38%)Ig-experienced226 (62%) Experience with SCIG\< 2 years129 (35%)≥2 years235 (65%) SCIG transition decision driverPrescriber102 (47%)Patient96 (45%)Other17 (8%) SCIG treatment decision driverPrescriber238 (65%)Patient95 (26%)Other33 (9%) Time on treatment\< 2 years76 (21%)≥2 years290 (79%)**SCIG training characteristics** Training locationHospital11 (3%)Doctor's office55 (15%)Home274 (75%)Other23 (6%) Who conducted trainingClinical staff43 (12%)Specialty pharmacy278 (78%)Nurse30 (8%)Other6 (2%) Number of training sessions required1--3291 (80%)≥471 (20%) Length of training sessions≤2 h225 (63%)\> 2 h131 (37%) Competence of trainer^a^1--572 (20%)6--7290 (80%) Knowledge of trainer^a^1--599 (28%)6--7261 (72%) Ease of training^b^1--5103 (28%)6--7263 (72%) Confidence after training^a^1--5110 (30%)6--7251 (70%) Satisfaction with quality of training^a^1--576 (21%)6--7286 (79%) Barriers to trainingNo245 (82%)Yes53 (18%)**SCIG infusion parameters** Preparation duration≤20 mins196 (54%)\> 20 mins168 (46%)Median \[IQR\] mins20 \[15, 44\] Actual infusion time\< 2 h161 (44%)≥2 h203 (56%)Median \[IQR\] mins120 \[80, 150\] Complete infusion time (inc. prep and clean-up)≤3 h237 (65%)\> 3 h127 (35%)Median \[IQR\] mins155 \[115, 209\] Frequency of infusions^c^\> 1 per week28 (8%)Weekly or up to every 2 weeks284 (79%)Every 3 or 4 weeks48 (13%) Number of sites per infusion1--3212 (58%)≥4152 (42%) Product concentration10%118 (33%)20%243 (67%)*IQR* interquartile range, *IgG* immunoglobulin G, *SCIG* subcutaneous immunoglobulin^a^On an anchored numeric scale from 1 to 7 (1 = not very competent/knowledgeable/confident/satisfied and 7 = very competent/knowledgeable/confident/satisfied) ^b^On an anchored numeric scale from 1 to 7 (1 = very difficult and 7 = very easy)^c^Patients responding 'other' omitted from summary as frequency unknownTable 2General health perception, treatment satisfaction, and fatigueCharacteristicsRange**General health perception**T1 - best≥6T2 - intermediate5T3 - worst≤4Mean ± SD4.6 ± 1.3**TSQM scores** TotalT1 - best≥81T2 - intermediate68--80T3 - worst≤67Mean ± SD74 ± 16 *Effectiveness*T1 - best≥76T2 - intermediate61--75T3 - worst≤60Mean ± SD71 ± 21 *Side effects*T1 - best100T2 - intermediate70--99T3 - worst≤69Mean ± SD81 ± 26 *Convenience*T1 - best≥81T2 - intermediate66--80T3 - worst≤65Mean ± SD70 ± 17 *Global*T1 - best≥86T2 - intermediate71--85T3 - worst≤70Mean ± SD78 ± 19**PROMIS fatigue T-scores**T1 - best ≤53T2 - intermediate54--60T3 - worst ≥61Mean ± SD57 ± 9Respondents were ranked by their scores and divided into tertiles (T1, T2 and T3) corresponding to best, intermediate, and worst, respectively. GHP was measured on a 1--7 scale (1 = poor health and 7 = excellent health). TSQM transformed scores were measured on a 0--100 scale (0 = worst satisfaction and 100 = perfect satisfaction). Fatigue was assessed using the PROMIS Fatigue Short Form 7a and Parent/Caregiver Proxy respectively ( 29.4 = least fatigue and 83.2 = most fatigue)*GHP* General health perception, *PROMIS* Patient-Reported Outcome Management Information System, *SD* standard deviation, *SCIG* subcutaneous immunoglobulin, *TSQM* Treatment Satisfaction Questionnaire for Medication

Predictors of GHP {#Sec3}
-----------------

Respondents were \> 8 times more likely to be in the best GHP tertile if they were in the best tertile for Patient-Reported Outcome Management Information System (PROMIS) Fatigue (*p* \< 0.001). Additionally, those with \> 2 years' IgG experience prior to SCIG (odds ratio \[OR\] = 2.36) (*p* = 0.01), higher confidence after training (OR = 2.18) (*p* = 0.03), and best tertile Treatment Satisfaction Questionnaire for Medication (TSQM) *effectiveness* scores (OR = 2.73) (*p* = 0.001) had higher odds of being in the best tertile for GHP. Full results are in Table [3](#Tab3){ref-type="table"}. Table 3Predictors for being in the best tertile of GHP scoresPredictorCategoryLogistic regressionLinear regressionOR95% CI***p***-valueCoefficient95% CI***p***-valueAge0--17 years10.00600.004≥18 years0.300.12, 0.70−0.52−0.88, −0.16Experience with IgG prior to SCIGIg-naïve10.01Ig-experienced2.361.22, 4.54Time on treatment\< 2 years00.06≥2 years0.27−0.01, −0.54Confidence after training^a^1--510.036--72.181.07, 4.44Number of sites1--310.0100.04≥40.440.24, 0.84−0.24−0.47, −0.02TSQM *effectiveness* score^b^T2 + T3, ≤7510.0010.130.07, 0.18\< 0.001T1, ≥76 (best)2.731.50, 4.80PROMIS Fatigue^c^T2 + T3, ≥541\< 0.001−0.33−0.39, −0.26\< 0.001T1, ≤53 (best)8.264.56, 15.0Multivariate logistic regression and linear regression models calculated predictors for being in the best tertile of GHP scores. GHP was measured on an anchored numeric 1--7 scale (1 = poor health and 7 = excellent health), where respondents were grouped in T2 + T3 (intermediate/worst) if they had a score of ≤ 5 and in T1 (best) if they scored 6 or 7. PROMIS Fatigue T-scores are obtained from published raw score to T-score concordance tables of the PROMIS Fatigue Short Form 7a. With 5 levels on each of the 7 items, the raw scores vary from 7 to 35 and are converted to corresponding T-scores in the range of 29.4 (least fatigue) to 83.2 (most fatigue). TSQM transformed scores (T-scores) were measured on a 0--100 scale (0 = worst satisfaction and 100 = perfect satisfaction)*CI* confidence interval, *GHP* general health perception, *IgG* immunoglobulin G, *OR* odds ratio, *PROMIS* Patient-Reported Outcome Management Information System, *SCIG* subcutaneous immunoglobulin, *SD* standard deviation, *TSQM* Treatment Satisfaction Questionnaire for Medication^a^Predictor on an anchored numeric scale from 1 to 7 (1 = not very confident and 7 = very confident). The logistic regression yields an OR which predicts the likelihood of each category achieving the desired best tertile, and a significant OR \> 1 implies higher odds than with the reference category. The least squares regression models score on a continuous linear scale using the original 1--7 scale, where a higher coefficient implies a higher GHP^b^Regression coefficient reported for a 0.5 SD increase in score (equivalent to 10 units)^c^Regression coefficient reported for a 0.5 SD increase in score (equivalent to 5 units). The model had an R^2^ = 36.2%, suggesting that over a third of scores can be explained by the factors in the final model

Predictors of TSQM and PROMIS Fatigue: role of favorable training characteristics {#Sec4}
---------------------------------------------------------------------------------

Favorable training characteristics translated to higher odds of being in the best tertile for TSQM domains. For *effectiveness:* absence of training barriers was associated with higher odds of being in the best tertile (*p* = 0.01). In the corresponding continuous scale (linear) model, requiring fewer training sessions was significantly associated with a higher *effectiveness* score (*p* = 0.01). For *side effects:* a higher confidence after training was associated with higher odds of being in the best tertile (*p* = 0.004). The linear model revealed that fewer training sessions translated to a better s*ide effect* score (*p* = 0.05). For *convenience:* higher confidence after training and absence of training barriers were associated with higher odds of being in the best tertile (*p* = 0.001 and *p* = 0.04, respectively). In the linear model, respondents rating training as easier were more likely to have a higher *convenience* score. For *global:* more competent trainers were associated with better odds of a higher *global* score (*p* = 0.001), and in the linear model, high confidence after training was significantly associated with high *global* scores (*p* = 0.002). In addition, training sessions that were \> 2 h resulted in better odds of a higher *global* score. A higher confidence after training was associated with reduced fatigue (*p* = 0.01) (Table [4](#Tab4){ref-type="table"}). Table 4Predictors for being in the best tertile of PROMIS Fatigue T-scoresPredictorCategoryLogistic regressionLinear regressionOR95% CI***p***-valueCoefficient95% CI***p***-valueConfidence after training^a^1--510.0100.026--71.951.16, 3.28−0.24−4.5, −0.4Actual infusion time≥2 h10.0100.06\< 2 h1.801.14, 2.82−1.8−3.7, −0.1Fatigue -- multivariate logistic regression and linear regression models calculated predictors for being in the best tertile of PROMIS Fatigue T-scores. PROMIS Fatigue scores were transformed to a 1--100 scale (0 = least fatigue, 100 = most fatigue), where respondents were grouped in T2 + T3 (intermediate/worst) if they had a fatigue score \> 53 and in T1 (best) if they had a fatigue score ≤ 53*CI* confidence interval, *OR* odds ratio, *PROMIS* Patient-Reported Outcome Management Information System^a^Predictor on an anchored numeric scale from 1 to 7 (1 = not very confident and 7 = very confident). The logistic regression provides an OR which predicts the likelihood of that category falling into T1, where the higher number corresponds to better odds. The least squares regression considers scores on a continuous scale using the original 0--100 scale, where a lower coefficient implies a better fatigue score for that category. The least squares  model had an R^2^ = 2.5%, suggesting that factors examined were not strongly associated with a respondent's PROMIS Fatigue score

Predictors of TSQM and PROMIS Fatigue: role of efficient infusions {#Sec5}
------------------------------------------------------------------

Efficient infusions increased the odds of high (best tertile) TSQM scores for most domains (Table [5](#Tab5){ref-type="table"}). A shorter infusion preparation duration resulted in better odds of being in the best tertile for *convenience* (*p* \< 0.001) and *global* (*p* = 0.03) domains. There was also an association between shorter infusion preparation, actual infusion times, and being in the best tertile for *side effects* (*p* = 0.007 and 0.03, respectively). Finally, having an actual infusion time ≤ 2 h was also associated with reduced fatigue (*p* = 0.01) (Table [4](#Tab4){ref-type="table"}). Table 5Predictors for being in the best tertile of TSQM total and domain scoresPredictorCategoryLogistic regressionLinear regressionOR95% CI***p***-valueCoefficient95% CI***p***-value***Total*** Age0--17 years10.0800.005≥18 years0.510.23, 1.09−7.3−12.3, −2.2 Time on treatment≤2 years10.00800.03\> 2 years2.071.21, 3.524.00.5, 7.5 Ease of training^a^1--500.056--74.20.0, 8.4 Confidence after training^a^1--510.0300.0016--71.891.08, 3.336.62.7, 10.4 Barriers to trainingYes10.0600.002No1.960.96, 4.006.62.4, 10.8 Infusion preparation duration\> 20 mins10.08n/sn/sn/s≤20 mins1.590.95, 2.65***Effectiveness*** Time on treatment≤2 years10.00400.05\> 2 years2.561.35, 4.885.7−0.1, 11.4 Training sessions required1--300.01≥4−7.5−13.1, −1.8 Barriers to trainingYes10.0100.005No2.431.23, 4.818.52.6, 14.4***Side effects*** Age0--17 years10.0400.007≥18 years0.450.21, 0.96−10.7−18.4, −2.9 Time on treatment≤2 years10.00300.03\> 2 years2.361.34, 4.167.10.7, 13.4 Training sessions required1--300.05≥4−6.8−13.5, −0.1 Confidence after training^a^1--510.0040\< 0.0016--72.041.25, 3.3211.15.7, 16.4 Infusion preparation duration\> 20 mins10.00700.002≤20 mins1.881.19, 2.988.13.1, 13.1 Actual infusion time\> 2 h10.03n/sn/sn/s≤2 h1.701.06, 2.73 Frequency of infusions\> 1 per week10.00800.003Weekly/up to every 2 weeks4.091.66, 10.1014.55.3, 23.7Every 3 or 4 weeks4.681.54, 14.2019.58.1, 30.9***Convenience*** Age0--17 years10.0300.01≥18 years0.410.19, 0.92−7.4−13.1, −1.7 Experience on SCIG≤2 years10.04\> 2 years1.801.02, 3.12 Ease of training^a^1--500.0036--772.5, 11.6 Confidence after training^a^1--510.0010\< 0.0016--73.001.59, 5.657.93.6, 12.2 Barriers to trainingYes10.0400.006No2.231.02, 4.886.61.9, 11.4 Infusion preparation duration\> 20 mins1\< 0.00100.05≤20 mins1.951.13, 3.353.80.0, 7.5***Global*** Age0--17 years10.0400.007≥18 years0.460.22, 0.96−8.0−13.8, −2.2 Time on treatment≤2 years10.0010\< 0.001\> 2 years3.391.66, 6.9310.76.1, 15.3 Competence of trainer^a^1--510.0016--73.471.66, 7.22 Confidence after training^a^1--500.0026--76.42.5, 10.4 Length of training session≤2 h10.00600.01\> 2 h2.021.22, 3.354.81.0, 8.7 Infusion preparation duration\> 20 mins10.0300.001≤20 mins1.761.07, 2.976.22.5, 9.8Treatment satisfaction -- multivariate logistic regression and linear regression models calculated predictors for being in the best tertile of TSQM total and domain scores. TSQM scores were transformed to a 1--100 scale (1 = worst satisfaction and 100 = perfect satisfaction), where respondents were grouped in T2 + T3 (intermediate/worst) if they had a lower score and in T1 (best) if they had a higher score (see Table [2](#Tab2){ref-type="table"} for exact tertile ranges)*CI* confidence interval, *n/s* not significant, *OR* odds ratio, *SCIG* subcutaneous immunoglobulin, *TSQM* Treatment Satisfaction Questionnaire for Medication^a^Predictor on an anchored numeric scale from 1 to 7 (1 = very difficult or not very confident/competent and 7 = very easy or very confident/competent). The logistic regression provides an OR which predicts the likelihood of that category falling into T1, where the higher number corresponds to better odds. The least squares regression considers scores on a continuous scale using the 0--100 scale, where a higher coefficient implies a higher TSQM score

Predictors of TSQM and PROMIS Fatigue: role of respondent experience and demographics {#Sec6}
-------------------------------------------------------------------------------------

Those with [≥]{.ul}2 years on SCIG treatment were significantly more likely to be in the best tertile of total TSQM (*p* = 0.008) and *global* (*p* = 0.001). Also, younger patients were more likely to be in the best tertile of *global* (*p* = 0.04) (Table [5](#Tab5){ref-type="table"}).

Predictors of favorable infusion and training {#Sec7}
---------------------------------------------

Finally, we evaluated predictors of efficient training and efficient infusions. Shorter infusion and preparation duration were more likely with training conducted in the doctor's office rather than at home (*p* = 0.006). The odds of completing an infusion in ≤2 h were 60% higher with a 20% concentration product, relative to a 10% concentration (Table [6](#Tab6){ref-type="table"}). A high ease of training was also associated with a 15% shorter infusion time. Respondents reporting easier training had preparation duration up to 30% shorter. Respondents reporting no barriers to training were also more likely to have shorter preparation duration. Table 6SCIG infusion parametersPredictorCategoryLogistic regressionLinear regressionOR95% CI***p***-valueRatio95% CI***p***-value**Infusion time (actual)***Probability of ≤2 h* *infusion time (*vs *ref group\[\> 2 h\])*Age (years)0--171.930.97, 3.840.060.780.63, 0.960.02≥18 (ref group)11Training locationHome (ref group)10.006Hospital1.030.30, 3.57Doctor's office3.051.63, 5.70Other0.950.39, 3.30Who conducted trainingClinical staff (ref group)1\< 0.001Specialty pharmacy1.541.26, 1.90Nurse1.491.11, 2.00Ease of training^a^1--5 (ref group)10.036--70.840.73, 0.98Product concentration10% (ref group)10.0520%1.61.00, 2.56**Infusion time (preparation)***Probability of ≤20 mins* *preparation time (*vs *ref group\[\> 20 mins\])*Ease of training^a^1--5 (ref group)10.00110.0086--72.411.41, 4.140.70.54, 0.91Barriers to trainingYes (ref group)10.00310.001No2.631.40, 4.930.620.46, 0.85SCIG transition decision driverPrescriber10.05Patient1.341.05, 1.71Other1.250.83, 1.88**Total SCIG training time***Probability of ≤4 h* *training time (*vs *ref group\[\> 4 h\])*Age (years)0--172.231.05, 4.720.4≥18 (ref group)1Training locationHospital (ref group)10.001Doctor's office1.430.90, 2.26Home1.921.26, 2.95Other1.580.94, 2.65Knowledge of trainer^a^1--5 (ref group)10.00610.0026--72.021.22, 3.351.31.10, 1.54Ease of training^a^1--5 (ref group)1\< 0.0011\< 0.0016--72.441.50, 3.980.650.55, 0.77Multivariate logistic regression and linear regression models of predictors for more efficient infusions and training*CI* confidence interval, *OR* odds ratio, *SCIG* subcutaneous immunoglobulin^a^Predictor on an anchored numeric scale from 1 to 7 (1 = very difficult or not very knowledgeable and 7 = very easy or very knowledgeable). ORs expressed as the probability relative to the probability in a reference group (ref group). For the least squares regression, the analysis was performed using multiple linear regression with all outcomes analyzed on the log scale. Due to this log transformation, the size of the relationship between each factor and the outcome is given in the form of ratios to give the relative difference in time in for each predictor relative to the reference group

The total time requirement for SCIG training (number of training sessions multiplied by length of sessions) was analyzed as the dependent variable (Table [6](#Tab6){ref-type="table"}). A shorter total training time was predicted by a greater ease of training; over 60% of respondents reporting very easy training completed their training in ≤4 h. The linear models indicated that respondents trained at hospital were more likely to complete this in a total ≤4 h compared with those trained at home or in the doctor's office (*p* = 0.001). However, trainers perceived to be more knowledgeable were associated with longer overall training times (*p* = 0.002).

Associations between training variables {#Sec8}
---------------------------------------

Ease of training was found to be significantly, positively associated with the knowledge of the trainer (correlation coefficient \[CC\] = 0.13, *p* = 0.02) and significantly, negatively with the total training time (Spearman's CC = −0.30, *p* = \< 0.001) variables. The association between the knowledge of the trainer and the total training time was not significant (Spearman's CC = 0.09, *p* = 0.09).

Ease of training and total training time variables varied significantly (*p* = 0.01 and *p* = \< 0.001, respectively) between the four training locations (home, hospital, doctor's office, or other) (Table [7](#Tab7){ref-type="table"}). Overall, the median rating (interquartile range \[IQR\]) for ease of training was higher for respondents trained in hospital or a doctor's office (7 \[[@CR6], [@CR7]\] for both locations), compared with respondents trained at home (6 \[[@CR5], [@CR7]\]) or in other locations (6 \[[@CR4], [@CR7]\]). The total training time was lowest in those trained in hospital, with a median time of 1 h, whereas in all other locations (home, doctor's office, and other), the median time was 4 h. No significant difference was found between the knowledge of trainer and the different training locations (*p* = 0.21). Table 7The effect of different training locations upon ease of training, total SCIG training time, and knowledge of trainerVariableHomeHospitalDoctor\'s OfficeOther***p***-value**Ease of training**^**a**^6 \[5, 7\]7 \[6, 7\]7 \[6, 7\]6 \[4, 7\]0.01**Total SCIG training time (hours)**4 \[2, 8\]1 \[0.5, 2\]4 \[1, 6\]4 \[2, 6\]\< 0.001**Knowledge of trainer**^**b**^7 \[5, 7\]6 \[4, 7\]7 \[6, 7\]7 \[5, 7\]0.21Results are stated as median (IQR) for each training variable. The association between training location and other training variables was calculated using a Kruskal-Wallis test*IQR* interquartile range, *SCIG* subcutaneous immunoglobulin^a^The ease of training variable was measured on a scale from 1 to 7 (1 = very difficult and 7 = very easy) ^b^The knowledge of trainer variable was measured on a scale from 1 to 7 (1 = not very knowledgeable and 7 = very knowledgeable)

Projected impact of favorable training/infusion characteristics on achieving best PRO tertiles {#Sec9}
----------------------------------------------------------------------------------------------

Estimated logit link functions from the PRO models were exponentiated to yield predicted probabilities of being in the best PRO tertiles, at various levels of identified predictors. Figure [2](#Fig2){ref-type="fig"} presents the predicted probabilities of achieving the best TSQM domain tertiles, when we (i) varied all characteristics from the least to most favorable, (ii) varied only training and infusion characteristics from least to most favorable (non-infusion characteristics held at least favorable), and (iii) varied only SCIG experience (training/infusion and other non-infusion characteristics held at least favorable).

Predicted probabilities of achieving the best tertile when all patient characteristics were varied from least to most favorable ranged from: 4 to 88% *(side effects),* 3 to 72% *(global),* 4 to 72% *(convenience)*, and 9 to 49% *(effectiveness)*. Starting with all least favorable characteristics, and only varying training/infusion characteristics to most favorable levels, predicted probabilities of achieving the best tertiles increased to: 59% (*side effects),* 52% *(convenience)*, 27% *(effectiveness)*, and 26% *(global).* With only favorable SCIG experience, but least favorable training/infusion and other non-infusion characteristics, these probabilities were: 34% (*side effects*), 28% (*effectiveness*), 16% (*global*), and 5% (*convenience*).

For PROMIS Fatigue, predicted impact of attaining the best tertile ranged from 18% with least favorable training/infusion characteristics to 44% with most favorable infusion/training characteristics, and this accounted for all the predicted variation in PROMIS Fatigue. With only favorable SCIG experience, the probability remained at 18%. Finally, for GHP, the predicted probability of attaining the best tertile ranged from 1% with all predictors at least favorable, to as much as 92% with all predictors at most favorable. Thus, the model accounted for almost all the variation in subject self-perceived general health. [Appendix](#Sec23){ref-type="sec"} Table 8 provides the goodness of fit calibration statistics as well as the receiver operating characteristic (ROC) area under the curves for discriminatory power of each model.

Discussion {#Sec10}
==========

In this analysis of US respondents within a nationally distributed IDF survey, we examined a range of PROs focusing on the direct and indirect impact of treatment-related characteristics. Specifically, we evaluated the importance of SCIG self-infusion efficiency, training, and patient perception of training in the larger context of the chronic nature of PIs -- where multiple physician visits, potential infection-related episodes, and associated stress can lead to poor overall perceived health. Conversely, with consistent disease control once IgG therapy has been in place, patients may be expected to maintain improved and stable perceived health \[[@CR12], [@CR17]\]. Thus, unsurprisingly, our findings revealed that longer experience with IgG therapy in general was consistently associated with improvement in overall QOL (as measured by GHP).

However, unique to our study is the finding that longer experience with SCIG, specifically \> 2 years, was associated with significant improvement in the TSQM *convenience* domain. As IgG therapy requires individualization, the process from SCIG initiation to a fully independent and optimized self-infusion regimen can take time. Our results suggest \> 2 years can be required for patients to achieve highest levels of treatment satisfaction, and may reflect the time needed by some patients to determine the right combination of ancillary supplies and infusion parameters (number of sites, volume per site, infusion rate and frequency etc.). Our analysis predicted that efficiency in infusions and training can substantially enhance treatment satisfaction and may lower fatigue beyond what is achievable with SCIG experience alone. Approaches to accelerate optimization of patient satisfaction with improvement in infusion/training characteristics would likely be beneficial to patients and may reduce the number of patients who opt to revert to another treatment solely due to challenges optimizing SCIG rather than clinical need.

Our results indicate training quality, trainer ability, and patient confidence are key factors when considering methods to improve patient outcomes. Ensuring training is easily accessible, and that there are no barriers to training, can also improve treatment satisfaction, observed particularly for TSQM *effectiveness* and *convenience* domains. Respondents who required ≤3 training sessions were associated with higher scores for TSQM *effectiveness* and *side effects*. In addition, total SCIG training lasting \< 4 h was associated with a high ease of training. Our results imply that while thorough training with a skilled professional would facilitate greater confidence in SCIG use, the overall duration of training should ideally be concise to ensure the benefits outweigh the burden of time-consuming training. The exact amount of SCIG training, training location, and ease of training will differ at a patient level, but it appears from our findings that it is important to ensure that patients feel confident by their final training session. For example, our results suggest training was perceived to be both easier and more efficient when conducted in the hospital or physician office, and along with greater perceived confidence in turn contributed to better treatment satisfaction; the implication for practice being that this goal may be achieved either via having more patients trained in the hospital or office setting, and/or by implementation of best practices in other training locations.

Further, perceived inconvenience and concerns about needle sticks and about adverse effects have previously been reported to potentially hinder successful SCIG adoption \[[@CR13]\]; yet evidence from several clinical studies suggests that patients who do transition to SCIG report, in fact, fewer side effects and better treatment satisfaction than while on IVIG \[[@CR9]--[@CR11], [@CR13]\]. Accordingly, preparing and educating trainers to appropriately educate patients about misplaced concerns and build confidence would be well invested.

Shorter infusion preparation times (specifically \< 20 min) were associated with higher TSQM scores for *side effects*, *convenience,* and *global,* thus appearing to offset the unfavorable impact of \< 2 years treatment experience. Shorter actual infusion times were associated with higher scores for *side effects* and lower fatigue. Additionally, higher GHP was predicted by fewer infusion sites. These results indicate the importance of having the right ancillary supplies and optimizing infusion set-up. Patient education, as part of SCIG training, should include information on needle length/gauge, number of sites and rotation, and different flow rate tubing sets. Finally, higher concentration SCIG products were associated with shorter infusion times. Understanding these variables and using the right supplies could lead to reduced infusion times, which our results reveal led to higher levels of satisfaction.

Our results also suggested that the site of training, especially the hospital/doctor's office, was associated with more efficient infusions and training time, suggesting that ensuring patients are well trained *prior to* transitioning to home-based self-infusion is potentially beneficial. In turn, we found that favorable training and efficient infusions can substantially increase the probability of patients experiencing higher treatment satisfaction and QOL, independent of characteristics such as age, time on treatment, or SCIG experience -- this was apparent across all TSQM domains.

The data presented here builds upon trends reported from a previous IDF survey \[[@CR18]\], which highlighted issues of fatigue and the importance of developing individual patient treatment plans. The importance of treatment satisfaction has been previously discussed in a literature review by Barbosa et al. where greater treatment satisfaction was associated with better compliance and improved persistence across a range of disease areas, including chronic diseases \[[@CR19]\]. The review additionally supported the notion that less complex treatments can also improve treatment satisfaction and regimen adherence. Thus, applied to IgG infusions, expected innovations that simplify the SCIG procedure for patients, for example, pre-filled syringes or infusion wearables, are anticipated to contribute to reducing treatment complexity by eliminating steps and supplies required for infusions. Evidence in asthma suggested that the use of inhaler devices was associated with better patient satisfaction and compliance \[[@CR20]\]. Patient education on anticipated IgG therapy innovations, to help patients with PI understand their disease and treatment options, may be highly beneficial for enhancing satisfaction and compliance in IgG therapy, and also improve clinical and economic outcomes \[[@CR21]\].

We acknowledge some limitations are inherent with patient-reported surveys. Although this study was conducted using the largest US database of patients with PI, as a non-probability sample, generalization of results to the larger population should be made with caution. As with most patient surveys, responses could not be independently verified with patients' physicians. The direction of causation is not always unambiguous -- the observed association between the TSQM *side effects* domain or fatigue and efficient infusions, in particular, may reflect that subjects with fewer perceived side effects or less fatigue were able to complete infusions more efficiently, rather than vice versa. If so, this would nevertheless suggest that innovative advances in infusion methods may enable even those with some side effects or fatigue to infuse more efficiently. Lastly, we considered the potential impact of incorporating parent/caregiver proxy responses rather than excluding pediatric patients. However, no significant differences were observed when pediatric responses (*n* = 40) were removed from the analysis; therefore, the impact of using a combined population was considered negligible. Despite potential limitations, our model predicted a dramatic impact on patient QOL of varying identified predictors and highlights some key areas where simple improvements could make crucial differences to patients.

Conclusions {#Sec11}
===========

Respondents with favorable SCIG training and efficient infusions had significantly higher GHP and TSQM scores, particularly *convenience*, *effectiveness,* and *side effects*, compared with those with a poorer training experience and longer infusions. Increased experience, especially over 2 years, with SCIG treatment was consistently associated with higher PROs, but our findings also show that better training and infusion characteristics were associated with higher patient treatment satisfaction beyond what was achieved with accumulation of SCIG experience. We propose that improvements in SCIG training, to ensure patient confidence at training completion, and methods to minimize infusion preparation/duration could result in improved GHP and treatment satisfaction. Enhancements in SCIG therapy that reduce the burden of treatment and improve patient convenience have the potential to play an important role in accelerating this patient learning curve and achievement of high treatment satisfaction toward the ultimate goal of improving health outcomes.

Methods {#Sec12}
=======

Survey population, design, and administration {#Sec13}
---------------------------------------------

Using the IDF patient database, 11,232 US-based patients with PI, or their parent/caregiver if \< 18 years old, were contacted online regarding an unincentivized online survey. The survey contained 74 questions, including PROs --- (i) the TSQM, (ii) the PROMIS Fatigue Adult Short Form (SF)7a or Parent/Caregiver Proxy SF10, and (iii) GHP, to measure overall health-related QOL. Experience with IgG infusion characteristics and training characteristics were assessed. Patient responses, on an anchored 1--7 scale (where 1 = poor experience/perception; 7 = excellent experience/perception), were used to assess the quality of respondents' SCIG training and infusion characteristics. Infusion and training efficiency were assessed in terms of duration and frequency of the sessions. Full details of IDF surveys can be found at the following link: (<https://primaryimmune.org/sites/default/files/2017-Patient-Reported-Outcomes-and-Treatment-Survey.pdf>).

Conceptual framework: infusion and training characteristics to PROs {#Sec14}
-------------------------------------------------------------------

We adapted the Wilson-Cleary conceptual framework \[[@CR22]\] of a continuum of health outcomes to explicitly incorporate the impact of IgG infusion and training characteristics on training/infusion efficiency, and in turn on patient-reported treatment satisfaction, fatigue, and perceived health \[[@CR12]\] (Fig. [3](#Fig3){ref-type="fig"}). Fig. 1Criteria used to include responders in the study. IDF, Immune Deficiency Foundation; IgG, immunoglobulin G; IVIG, intravenous immunoglobulin; PI, primary immunodeficiency; SCIG, subcutaneous immunoglobulinFig. 2Predicted probability (%) of being in the 'best' PRO tertile. This measures the impact of varying all characteristics, training/infusion characteristics alone, or SCIG experience alone. Red and green bars represent the overall theoretical best and worst percent probability of being in the 'best' PRO tertile when all characteristics (see Table [1](#Tab1){ref-type="table"} for full list) were allowed to vary. PRO, patient-reported outcome; PROMIS, Patient-Reported Outcome Management Information System; SCIG, subcutaneous immunoglobulin; TSQM, Treatment Satisfaction Questionnaire for MedicationFig. 3A continuum of health outcomes: an adaptation to subcutaneous immunoglobulin self-infusions in primary immune deficiency. Conceptual framework adapted from Wilson IB, et al. *JAMA*. 1995;273(1):59--65. QOL, quality of life; SCIG, subcutaneous immunoglobulin

In this framework, GHP represents the culminating target outcome as an individual\'s integrated well-being consisting of biological, psychological, environmental, and social aspects \[[@CR12]\]*.* Immediately preceding on our conceptualized continuum (Fig. [3](#Fig3){ref-type="fig"}), treatment satisfaction \[[@CR23]\] and fatigue \[[@CR24]\] influenced perceived health, and were in turn driven by training/infusion characteristics. We simultaneously modeled the role of disease/treatment history and respondent demographics.

TSQM {#Sec15}
----

Treatment satisfaction was assessed using the TSQM, which measures patients' satisfaction with medication \[[@CR25]\], with modified instructions asking patients to refer to their IgG infusion when responding on medication. Satisfaction is reported in terms of the total score and four domain scores: *effectiveness*, *side effects*, *convenience*, and *global.* Following the TSQM scoring algorithm, raw scores were transformed to a 0--100 scale (where 0 = poorest satisfaction; 100 = perfect satisfaction) \[[@CR25]\].

PROMIS Fatigue-SF7a/10 {#Sec16}
----------------------

Fatigue was assessed using the PROMIS Fatigue SF7a/SF10 for adult and parent/caregiver responses, respectively \[[@CR26]\]. Summed scores were transformed to PROMIS Fatigue T-scores using previously published concordance tables from a large National Institutes of Health-funded initiative \[[@CR26], [@CR27]\]. The Fatigue SF7a (containing 7 items) was chosen to permit a representation of fatigue levels ranging from the item "how often did you experience extreme exhaustion" (where an average response would represent a relatively high level of fatigue) compared with "how often did you have enough energy to exercise strenuously" (where an average response would indicate relatively less fatigue). Finally, use of the PROMIS Fatigue T-score allowed comparison to a population norm (mean score of 50 and standard deviation \[SD\] of 10) \[[@CR28]\].

Training and infusion characteristics {#Sec17}
-------------------------------------

Favorable infusion and training characteristics were defined as follows: *Favorable training:* (i) efficiency of training, (ii) the respondent's self-perception of their trainer (high \[6, 7\] scores for competence and knowledge of trainer, and satisfaction with quality of training), and (iii) absence of training barriers. Efficient training characteristics included: requiring ≤3 training sessions; a total SCIG training time ≤4 h; individual training sessions ≤2 h; ease of training rated 6--7; and confidence after training rated 6--7.*Efficient infusions:* defined as reported actual infusion time of ≤2 h; infusion preparation duration of ≤20 min; and total infusion duration (including preparation and clean-up) of ≤3 h, or lower frequency of infusions.

Analysis population {#Sec18}
-------------------

Respondents who indicated they were not currently receiving IgG subcutaneously were removed from the analysis. Incomplete surveys or those with incongruent responses (i.e. those with incompatible responses such as selecting currently receiving SCIG, but citing an IVIG product) were removed.

Univariate statistical analysis {#Sec19}
-------------------------------

Associations between infusion, training characteristics, and each PRO were first examined individually. PRO scores were classified by tertiles (best, intermediate, and worst) based on ranking respondent scores. Ties at tertile thresholds were resolved by placing respondents into one or other category to even the number of patients in each tertile as much as possible. The best tertile was targeted as the desired outcome. All other variables were either originally measured in categories, or categorically classified, for the purposes of analysis. All categorical inferences were based on the Chi-square test.

Multiple logistic and linear regressions {#Sec20}
----------------------------------------

Multivariate logistic models were estimated to identify predictors of the desired best tertile for GHP, TSQM, and PROMIS Fatigue T-scores. Stata (version 15.1) was used for all analyses. Independent predictors were identified by the backwards elimination method. The threshold for being retained in the model was a multivariate *p*-value of \< 0.1.

Outcomes and covariates were also evaluated on a continuous scale using linear regression, where appropriate. SCIG training and infusion times were found to have positively skewed distributions, therefore were analyzed on the log scale. The predictive ability of the continuous models was evaluated by the R^2^ statistic.

The discrimination ability of the logistic regression models was examined using ROC curves \[[@CR29]\]. The calibration of the models was examined using the Hosmer-Lemeshow goodness of fit test \[[@CR30]\].

Correlation analyses {#Sec21}
--------------------

Correlation analyses were used to examine the strength of association between training variables such as training location, knowledge of trainer, ease of training and total SCIG training time. Three of the variables (knowledge of trainer, ease of training, and total SCIG training time) were measured on either an ordinal (rank ordered) or continuous scale, and the association between each pair of these variables was assessed using Spearman's rank correlation. The remaining variable, training location, was categorical in nature; therefore a Kruskal-Wallis test was used to compare the training location to other variables.

Predicted probabilities of desirable PROs {#Sec22}
-----------------------------------------

The estimated multiple logistic regressions were used to generate predicted probabilities (by exponentiating the estimated logistic link function \[[@CR31]\]) of achieving the best PRO tertiles at (i) least and most favorable levels of all characteristics, (ii) most favorable levels of training/infusion characteristics, but least favorable levels for all non-infusion characteristics, and (iii) most favorable levels for SCIG experience, but least favorable levels for training/infusion and other non-infusion characteristics.

Appendix {#Sec23}
========

Table 8Examination of PRO model diagnosticsType of test of modelsModel discrimination (ROC curve)Model calibration -- Hosmer-Lemeshow testCharacteristicsAUC95% CI***p***-value**General health perception**0.840.80, 0.890.78**TSQM scores** Total0.660.60, 0.720.74 *Effectiveness*0.610.56, 0.670.92 *Side effects*0.690.64, 0.750.49 *Convenience*0.690.63, 0.760.81 *Global*0.690.63, 0.740.19**PROMIS Fatigue**0.620.56, 0.680.29The AUC and 95% CI summarize the discriminatory ability of the relevant PRO model. The Hosmer-Leweshow *p*-value summarizes the goodness of fit test under the null hypothesis of lack of fit -- all values *p* \> 0.05 suggest good calibration of the model to the data*AUC* area under the curve, *CI* confidence interval, *PRO* patient-reported outcome, *PROMIS* Patient-Reported Outcome Management Information System, *ROC* receiver operating characteristic, *TSQM* Treatment Satisfaction Questionnaire for Medication

CI

:   Confidence interval

CC

:   Correlation coefficient

GHP

:   General health perception

IDF

:   Immune Deficiency Foundation

IgG

:   Immunoglobulin G

IQR

:   Interquartile range

IVIG

:   Intravenous immunoglobulin

OR

:   Odds ratio

PI

:   Primary immunodeficiency

PRO

:   Patient-reported outcome

PROMIS

:   Patient-Reported Outcomes Management Information System

PROMIS SF7a/SF10

:   Short form 7a (adult)/short form 10 (parent/caregiver proxy)

QOL

:   Quality of life

ROC

:   Receiver operating characteristic

SCIG

:   Subcutaneous immunoglobulin

SD

:   Standard deviation

TSQM

:   Treatment Satisfaction Questionnaire  for Medication

US

:   United States

**Publisher's Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

The authors wish to thank all the IDF survey respondents for participating in this survey. Editorial and statistical support was provided by Meridian HealthComms Ltd., funded by CSL Behring.

All authors contributed to the manuscript conception and statistical analysis plan. Material preparation, data collection and analysis were performed by PB and RM. The first draft of the manuscript was written by RM and all authors commented on previous versions of the manuscript. All authors read and approved the final manuscript.

The design, analysis, interpretation, and writing of the manuscript for this study was funded by CSL Behring. Editorial assistance was provided by Meridian HealthComms Ltd., funded by CSL Behring.

CSL will only consider requests to share survey data that are received from systematic review groups or bona-fide researchers.

Not applicable.

Not applicable.

Rajiv Mallick is a full-time employee of and owns stock in CSL Behring, which funded the study. Betsy J. Lahue is a Partner of Alkemi LLC, which has a consultant arrangement with CSL Behring. Paul Bassett is an employee of Meridian HealthComms Ltd. Tiffany Henderson and Christopher Scalchunes are employees of the Immune Deficiency Foundation and have no affiliations with or involvement in any organization or entity with any financial interest (such as honoraria; educational grants; participation in speakers' bureaus; membership, employment, consultancies, stock ownership, or other equity interest; and expert testimony or patent-licensing arrangements), or non-financial interest (such as personal or professional relationships, affiliations, knowledge or beliefs) in the subject matter or materials discussed in this manuscript.
